The virus associated with acquired immunodeficiency syndrome (AIDS) and AIDS-related complex (ARC), human immunodeficiency virus (HIV), is a member of the Lentivirinae (prototype, visna virus) (1, 7, 34) . Like visna virus, HIV can establish persistent infection without actively producing virus particles (9) . Consequently, immunological assays directed to viral antigens may not detect the virus during some stages of infection. The lengthy prodrome for HIV (4 to 7 years), the need to monitor patients on therapeutic regimens, and the potential transmissibility of HIV from asymptomatic seronegative individuals (8, 13, 14, 27, 28) necessitate the development of a sensitive assay for the viral genome (26) . By Southern blot analysis, HIV sequences can be detected in the peripheral blood lymphocytes (PBLs) or tissues (lymph node, liver, kidney, etc.) of only a fraction of AIDS patients (32) . Harper et al. (11) using in situ hybridization showed that less than 1 in 10,000 cells of the lymph node of infected individuals contains viral nucleic acid sequences. We report here the identification of HIV sequences in infected cell lines by using an in vitro DNA amplification procedure (K. B. Mullis and F. Faloona, Methods Enzymol., in press) and an oligonucleotide-based detection procedure (25) .
The nucleic acid amplification procedure, polymerase chain reaction (PCR), uses two primers of known sequence positioned 10 to 300 base pairs apart that are complementary to the plus and minus strands of target DNA. After denaturation of the target DNA and annealing of the primers, template-directed incorporation of deoxynucleoside triphosphates occurs with the addition of the Klenow fragment of Escherichia coli DNA polymerase I. Since the newly synthesized DNA strands may serve as templates themselves, repeated cycles of denaturation, primer annealing, and extension result in an exponential increase of copies of the region flanked by the primers. Saiki et al. (26) , using the 110-base-pair region of the ,B-globin gene.
Our plans to apply this amplification procedure to the HIV nucleic acid sequences had to take into consideration the extensive heterogeneity of the viral genome (1, 5, 10, 22, 24, 32, 37) . Since sequence alterations can affect primer annealing, only invariant regions of the viral genome were selected for amplification. Highly conserved regions of four HIV isolates were identified by using computer algorithms. The open reading frame encoding the major nucleocapsid protein (gag) was particularly conserved in its nucleic acid sequence and was chosen as the region to undergo primer-directed amplification. The selected regions were screened against the DNA sequences of human T cell lymphotropic virus type 1 (HTLV-I) (31) and HTLV-II (33) to ensure that the oligonucleotides would not also prime synthesis from these known human lymphotropic viruses. In addition, characteristics such as primer length, G+C content, and intrastrand complementarity were taken into consideration in primer selection.
Amplified sequences were detected by use of a technique termed oligomer restriction (OR) (25) (Fig. 2, lanes 1 to 4) . On the other hand, if DNAs from cell lines infected with different isolates of HIV (for example, Fig. 2 , lane 5) were analyzed by the same procedures, diagnostic labeled tetra-and pentaoligonucleotides were generated. The data suggest that the PCR-OR procedure can serve to identify HIV sequences and that multiple isolates can be identified. Presumably, both integrated and unintegrated forms of the viral DNA genome may serve as templates for amplification, and as a result, the signal generated in this system should reflect the total cellular viral DNA load.
We next chose to determine whether these procedures 1 (HTLV-I); 10, UMC CTL-1B (HTLV-I); 11, UMC CTL-2 (HTLV-I); 12, UMC CTL-3 (HTLV-I).
could be used to identify viral nucleic acids in cultured cells infected with specimens from seropositive AIDS and ARC patients. The specimens included PBLs, semen mononuclear cells, and semen supernatants. Our success was nearly equivalent with the three different specimen sources. Of 19 DNA samples from cultures demonstrating reverse transcriptase (RT) activity, 17 generated a diagnostic oligomer with either or both primer pairs with the PCR-OR procedure (for example, Fig. 3A , lanes 1 and 5 to 7) ( Table 2 ). In comparison, only 11 of 18 samples tested were positive by Southern blot analysis with a nick-translated probe, the 6.5-kilobase HindIII fragment of pBenn6 (gift of M. Martin). These results suggest that the amplification-based detection procedure is more sensitive than direct blotting. The experience of numerous investigators suggests that nucleic acid sequences present at less than one copy in 10 cells cannot be unambiguously identified (32) with the Southern blot procedure. The observation that some samples scored positive with only one of the two primer pairs suggests sequence alterations may have occurred within the region complementary to the primer pair or probe or both. To address this possibility, dot blotting of PCR-amplified DNA was performed with the labeled oligonucleotide probe. Hybridization conditions were chosen such that a small number of sequence alterations would not prevent oligonucleotide binding. Whereas samples that were positive by OR hybridized to the radioactive probe, we were unable to detect hybridization of the probe to samples that were negative by OR (data not shown). We conclude that sufficient sequence alterations have occurred in the primer-binding region(s) of the viral genome to prevent amplification of DNA from these cell lines.
In addition, the intensity of the labeled diagnostic oligonucleotide was not proportional to the level of RT activity measured. This observation was not unexpected since visna virus, a related lentivirus, is known to accumulate linear DNA viral genomes even though they are transcriptionally dormant (2) . In addition, since a variable number of the viral DNA genomes present may be transcriptionally active, a correlation of viral DNA copy number and virus particles (as measured by RT activity) would not necessarily be expected.
Of concern were two DNA samples that, although positive for RT activity, were negative by the PCR-OR procedure (for example, Fig. 3B, lane 4) . However, the RT activity of these samples (about 2.0 pmol) was near the designated threshold of the assay (0.5 pmol of [3H]GMP above background). Given the variability observed within and between RT assays, samples showing minimal incorporation of labeled deoxynucleoside triphosphates should be evaluated cautiously. Successful amplification with the previously described P-globin primer pair (26) suggested that the inability to identify these RT-positive samples was not due to nonspecific inhibition of amplification or OR. Additional attempts using 25 cycles (theoretically allowing a [5.77 x 105]fold amplification at 70% efficiency) and 10 times more DNA or other primer pairs were unsuccessful (data not shown). We conclude that the inability to identify some RT-positive cell lines reflects (i) an exceptionally low copy number of viral DNA genomes, (ii) sequence alterations in the region complementary to the primers and probes, (iii) some combination thereof, or (iv) artifactual RT activity. We are continuing to examine the RT-positive, PCR-ORnegative DNA samples to determine the reason for our inability to detect these samples.
Of particular note was the ability of the PCR-OR procedure to identify HIV sequences in 9 to 41 cell lines that were negative for RT activity (Fig. 3C, lane 2) . Of the 41 cell line DNAs, 28 were analyzed by Southern blotting, and 3 were identified as positive ( Table 2) . One of the three samples gave a low-molecular-weight smear and was negative by PCR-OR. Since cell lines not exhibiting RT activity are typically discarded as virus negative, the PCR-OR procedure applied to all cultures may be informative. Recent studies indicate that such cells may be induced to produce virus after treatment with a halogenated pyrimidine (5'-iodo-2'- RT activity was measured as previously described (19) . The sample in which RT activity was not determined (ND) is indicated. (Table 2) . In summary, we demonstrated that the in vitro enzymatic amplification and OR detection procedures can identify HIV sequences in both established cell lines harboring HIV (but not those harboring HTLV-I and -II) and in cells cultured from PBLs, semen mononuclear cells, and semen supernatants of AIDS or ARC patients. Viral nucleic acid sequences were detected in cell lines that were devoid of detectable RT activity. In addition, these procedures identified HIV sequences in infected cells that were negative by Southern blot analysis. Experiments in progress include examination of DNA of PBLs taken directly from patients at risk for or with AIDS and continued exploration of alternate primer pairs for PCR. Preliminary results demonstrate that the PCR-OR procedure can be used successfully to detect viral sequences in DNA isolated from PBLs. A further focus of our studies is the continued investigation of the RT-positive, PCR-ORnegative samples. It will be of interest to determine whether the virus responsible for disease in some patients is considerably different in nucleic acid sequence than viral genomes sequenced to date.
Experiments similar to those reported here may prove fruitful, in general, for the detection of other viruses and specifically for the detection of latent viruses. Perhaps of particular note are cytomegalovirus (30) , hepatitis B virus (16) , and Epstein-Barr virus (4), all suggested to reside at some stage within lymphocytes and possibly to play a role in AIDS (12) .
